There is controversy about the prophylactic effect of anti-thymocyte globulin (ATG) on graft versus host disease (GVHD) in the setting of matched related-donor hematopoietic stem cell transplantation (HSCT). This study assessed the inf luences of ATG on the incidences of acute and chronic GVHD and other clinical outcomes in matched related-donor HSCT. Methods: Sixty-one patients received allogeneic HSCT from human leukocyte antigen-matched, related donors. Patients received busulfan/fludarabine conditioning regimens and standard GVHD prophylaxis with or without additional ATG. Results: There was no significant difference in the cumulative incidences of overall acute GVHD, grade II to IV acute GVHD at day 100, and chronic GVHD during the follow-up period between the ATG and non-ATG groups. Three-year overall survival rates were very similar, but three year disease-free survival of the non-ATG group was higher than that of the ATG group (56.2% for ATG vs. 63.1% for non-ATG, p = 0.597). Relapse rate at 3 years in the ATG group was slightly higher than that of the non-ATG group (37.5% vs. 20%, p = 0.29). Non-relapse mortality rate at 3 years was lower in the ATG group (6.25% vs. 15.6%, p = 0.668). Conclusions: Although the addition of ATG doesn't guarantee a reduction in the incidences of acute and chronic GVHD, pre-transplantation ATG may result in lower non-relapse mortality in the context of matched related-donor HSCT with a busulfan/fludarabine conditioning regimen. However, caution is needed when using ATG because of a possibility to increase relapse rate.
INTRODUCTION
Graft versus host disease (GVHD) remains the major cause of morbidity and mortality after allogenic hematopoietic stem cell transplantation (HSCT). Switching from bone marrow to peripheral blood as a stem cell source increased the incidence of GVHD [1, 2] . Under these circumstances, anti-thymocyte globulin (ATG) has been administered as part of a conditioning regimen to reduce the incidence and severity of GVHD by in vivo T-cell depletion. Many previous studies showed that pre-transplantation therapy with antithymocyte www.kjim.org http://dx.doi.org/10.3904/kjim.2015.234 globulin (ATG) reduces the incidence of GVHD in the matched unrelated-, mismatched unrelated-, and haploidentical-donor transplantation [3] [4] [5] [6] [7] [8] . However, there is controversy about the prophylactic effect of ATG on GVHD in matched related-donor HSCT, which is associated with lower acute and chronic GVHD incidence than is alternative-donor HSCT [9] [10] [11] . Some studies reported that the use of ATG was associated with delayed immune reconstitution [12] [13] [14] , which may increase the risk of opportunistic infection. As Bacigalupo et al. [15] report, high doses of ATG increased the risk of lethal infection and seemed to be associated with a higher relapse rate compared with non-ATG control group (36% vs. 18%, p = 0.8).
In several studies, a busulfan/fludarabine (Bu/Flu) regimen contributed to a significant decrease in treatment-related morbidity and improved overall survival as compared with a busulfan/cyclophosphamide (Bu/Cy) regimen [16] [17] [18] [19] . However, Shimoni et al. [20] reported that Bu/Flu was associated with higher relapse risk than Bu/Cy, especially when HSCT was done during an active disease state. These days, a Bu/Flu regimen has been adopted by many medical centers around the world because of its low treatment-related toxicity.
At present, it is unclear whether the addition of ATG to the Bu/Flu conditioning regimen in matched related-donor HSCT could improve clinical outcomes. In this study, we assessed the influence of ATG on the incidences of acute and chronic GVHD and other clinical outcomes including overall survival, disease-free survival, non-relapse mortality, and relapse rate in matched related-donor HSCT with Bu/Flu.
METHODS Patients
Sixty-one patients were included in this retrospective analysis. They received allogeneic HSCT at Soonchunhyang University Bucheon Hospital from January 2006 to December 2012. The diagnoses of patients were acute myelogenous leukemia (AML), acute lymphoblastic leukemia (ALL), myelodysplastic syndrome (MDS), lymphoma, and chronic myelogenous leukemia (CML). The pre-transplantation status of acute leukemia patients was variable and included first complete remission (CR1), second complete remission (CR2), third complete remission (CR3), and refractory. All lymphoma patients received HSCT while in complete remission. One patient with chronic myeloid leukemia was in blastic crisis during transplantation. The disease status of all participants during transplantation is described in Table  1 . To calculate hematopoietic cell transplantation-comorbidity index (HCT-CI), baseline studies were done that included echocardiography and pulmonary function tests. Patients received peripheral blood stem cells from matched sibling donors. Human leukocyte antigen (HLA) matching was performed by serologic typing methods for HLA-A and HLA-B, and high-resolution molecular typing for HLA-DRB1.
HSCT protocol and ATG infusion
All patients received a busulfan and fludarabine conditioning regimen (3.4 mg/kg/day busulfan intravenous infusion for 3 to 4 days and 30 to 40 mg/m 2 /day fludarabine intravenous infusion for 4 to 6 days) before HSCT with peripheral blood-derived grafts.
Patients treated with ATG (thymoglobulin, Genzyme, Cambridge, MA, USA) were given 4.0 to 6.0 mg/kg for 2 or 3 consecutive days before transplantation. After transplantation, all patients received standard GVHD prophylaxis methods (described below).
Standard GVHD prophylaxis methods
Calcineurin inhibitors (cyclosporine or tacrolimus [FK506]) were administered to all patients as a standard GVHD prophylaxis. Cyclosporine (3 mg/kg) was begun on day-1 and administered as a continuous intravenous infusion to maintain serum levels between 200 and 400 ng/mL, and switched to an equivalent oral dose to maintain target serum levels of 150 to 300 ng/mL as trough level when oral intake was adequate. Similarly, FK506 (0.05 mg/kg) was administered intravenously starting on day-1, and switched to an equivalent oral dose to maintain a target serum level of 5 to 10 ng/mL when oral intake was adequate.
Additionally, methotrexate (MTX) was administered to all patients in the ATG group and 40 patients in the non-ATG group. The dose of MTX was 10 mg/m 2 on day 1, 3, 6, and 11 after transplantation. Since 2009, mini-doses of MTX (5 mg/m 2 ) are widely used. An exception was five patients in the non-ATG group who received siroli-
Outcomes
The primary outcomes were the cumulative incidences of acute GVHD and chronic GVHD: (1) the cumulative incidence of overall acute GVHD at day 100 post-transplant; (2) the cumulative incidence of grade II to IV acute GVHD at day 100; and (3) the cumulative incidence of chronic GVHD. Acute GVHD was diagnosed and graded according to the established Glucksberg criteria [21] .
Secondary outcomes included overall survival, disease-free survival, relapse, non-relapse mortality and causes of death. Hematologic relapse was defined by the reappearance of blasts in the blood, any manifestation of leukemia outside of the hematopoietic system, or the presence of more than 5% blasts in bone marrow smear. Chi-square test or Fisher exact test were also used to compare relapse rate, non-relapse mortality, and the cumulative incidences of overall acute GVHD, grade II to IV acute GVHD, and chronic GVHD between groups. Univariate logistic regression analysis was conducted to identify clinical factors that affected the incidences of acute and chronic GVHD.
Probabilities of overall survival and disease-free survival were estimated using Kaplan-Meier methods. A log-rank test was used to compare survival curves. Univariate Cox proportional hazard regression analysis was performed to examine the association between clinical variables and post-transplant survival rates (overall survival and disease-free survival). For each variable, the hazard ratio (HR) for overall and disease-free survival was calculated. Based on the results of univariate Cox proportional hazard regression analysis, significant variables were selected for multivariate Cox proportional hazard regression analysis. Using ATG and age, which were clinically important factors, were also included in multivariate logistic regression.
A p = 0.05 was considered statistically significant. All statistical analyses were performed using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA) and an R 3.1.3 version freely available on the web (http://cran.r-project.org/).
RESULTS

Demographic and clinical characteristics of patients
The study included a total of 61 patients; their demographic and clinical characteristics are outlined in Table  1 . Of the 61 patients, 16 patients were in the ATG group and 45 patients were in the non-ATG group. The mean age at baseline was 43.3 years for the ATG group and 41.3 years for the non-ATG group (p = 0.557). In the ATG group, seven patients had AML, three patients had ALL, three patients had MDS, and three patients had lymphoma. In the non-ATG group, 31 patients had AML, six patients had ALL, five patients had MDS, two patients had lymphoma, and one patient had CML in blast crisis. There was no significant difference in the proportion of FK506 to cyclosporine use between the two groups. Other variables also did not differ between the groups.
The cumulative incidences of acute GVHD and chronic GVHD
The cumulative incidences of overall acute GVHD at day 100 were 75% for the ATG group and 68.9% for the non-ATG group. The cumulative incidences of acute GVHD grade II to IV at day 100 were 31.3% and 31.1%, respectively. No significant differences in overall acute GVHD or grade II to IV acute GVHD were found (p = 0.757 and p = 1.000, respectively). Likewise, there was no significant difference in the cumulative incidence of chronic GVHD during the follow-up period (ATG 12.5%, non- ATG 28.9%; p = 0.312) ( Table 2) . Table 3 shows the effect of each clinical variable on the cumulative incidences of acute and chronic GVHD. Male gender had a negative effect on the cumulative incidence of acute GVHD grade II to IV at day 100 compared to female gender (odds ratio, 4; p = 0.02). Other variables did not have significant effects on the cumulative incidences of overall acute GVHD at day 100, grade II to IV acute GVHD at day 100, and chronic GVHD.
Overall survival and disease-free survival Fig. 1 shows overall survival and disease-free survival curves for both groups. One-and 3-year overall survival rates were comparable between the ATG and non-ATG groups. One-and 3-year overall survival rates, respectively, were 75% and 68.8% in the ATG group, and 70.9% and 68% in the non-ATG group, (p = 0.853). The disease-free survival rate of the non-ATG group was slightly higher than that of ATG group. Difference in disease-free survival rate between the two groups was largest at 2 years (ATG 56.2% vs. non-ATG 65.9%). The 3-year disease-free survival rates of the ATG and non-ATG groups were 56.2% and 63.1%, respectively. However, these differences were not statistically significant (p = 0.597). Table 4 shows the result of univariate Cox proportional hazard regression analysis for evaluating the individual effect of clinical variables on overall and disease-free survival. Risk stratification by HCT-CI, disease status at HSCT, and prophylaxis method for acute GVHD were significantly associated with overall and disease-free survival. Compared with CR status at HSCT, non-CR status at HSCT had a negative effect on overall survival and disease-free survival (HR, 6 and 21, respectively). Moreover, high-risk HCT-CI was associated with worse overall survival and disease-free survival than standard risk (HR, 2.6 and 2.79, respectively). Lastly, cyclosporine A administration for acute GVHD prophylaxis had a negative effect on overall survival (HR, 4.66; p = 0.014), but not on disease-free survival (HR, 2.43; p = 0.061). In addition, multivariate Cox proportional hazard regression analysis was conducted to verify the independent relation of each variable to overall and disease-free survival. Based on the results of univariate Cox proportional hazard regression analysis, risk stratification by HCT-CI, disease status at HSCT, and prophylaxis method for acute GVHD were selected as the variables used in multivariate Cox proportional hazard regression analysis. Because of clinical importance, age and ATG were also included in multivariate Cox proportional hazard regression analysis. It was found that disease status at HSCT maintained a significant influence on overall survival and disease-free survival (HR, 6 and 21, respectively) ( Table 5 ). Prophylaxis method for acute GVHD also showed a statistically significant association with disease-free survival (HR, 2.92; p = 0.034), as well as overall survival (HR, 6.28; p = 0.005). On the other hand, the effects of risk stratification on overall and disease-free survival were no longer statistically significant in multivariate Cox proportional hazard regression analysis.
Relapse, non-relapse mortality, incidence of death, and causes of mortality
Relapse and non-relapse mortality are shown in Table 6 . One-year relapse rates after HSCT were 37.5% in the ATG group and 17.8% in the non-ATG group. The corresponding 3-year relapse rates were 37.5% and 20%. However, these differences in 1-and 3-year relapse rates between the two groups were not statistically significant (p = 0.206 and p = 0.29, respectively). There were no significant differences in non-relapse mortality rates at 2 and 3 years. Non-relapse mortality rate at 2 years were 6.25% for the ATG group and 13.3% for the non-ATG group (p = 0.664). Corresponding non-relapse mortality rates at 3 years were 6.25% and 15.6% (p = 0.668). The number of deaths and causes of mortality over the entire follow-up period are shown in Fig. 2 . Five patients in the ATG group and 14 patients in the non-ATG group died during the follow-up period. Relapse was the most frequent cause of death in both groups. Two patients in the non-ATG group died because of organ failure (tumor lysis syndrome and hepatic veno-occlusive disease).
DISCUSSION
In studies on ATG conducted during the last three decades, the use of ATG for alternative-donor HSCT showed prophylactic effects on acute and chronic GVHD and showed promise in improving overall survival. However, it is controversial whether ATG reduces the incidence of GVHD in the setting of matched sibling-donor HSCT. We examined the effect of ATG in matched sibling-donor HSCT with a Bu/Flu conditioning regimen. In this study, there was no significant difference in the cumulative incidence of overall acute GVHD at day 100 after HSCT. Also, the cumulative incidence of grade II to IV acute GVHD was comparable between the two groups. These results are in agreement with the report by Champlin et al. [9] , which showed comparable incidences of grade II to IV acute GVHD between an ATG group and a non-ATG group in the setting of matched sibling-donor HSCT for severe aplastic anemia. In addition, there was no significant difference in grade II to IV acute GVHD between ATG and non-ATG groups in studies done by both Russell et al. [10] and Baron et al. [11] . Finke et al. [3] reported that treatment with ATG significantly reduced the incidence of grade II to IV acute GVHD in matched unrelated-donor HSCT. And, in a study by Lu et al. [8] , the use of ATG reduced the cumulative incidence of grade II to IV acute GVHD in HLA-mismatched/haploidentical related-donor HSCT, which became comparable to that of HLA-identical sibling-donor HSCT. The results of Devillier et al. [22] showed that ATG may reduce the incidence of acute GVHD in the context of HLA-mismatched unrelated-donor HSCT using a Bu/Flu conditioning regimen. In sum, it is unclear whether ATG treatment reduces the incidence of acute GVHD in matched sibling-donor HSCT with Bu/Flu conditioning.
Our results showed no significant difference in the cumulative incidence of chronic GVHD between the two groups. The cumulative incidences of chronic GVHD in this study were 12.5% in the ATG group and 28.9% in the non-ATG group (p = 0.312). The study by Champlin et al. [9] , which examined the effect of ATG in matched sibling-donor HSCT for severe aplastic anemia, reported that the 5-year probabilities of chronic GVHD were 32% in an ATG group and 21% in a non-ATG group. This difference was also not statistically significant. However, in the study by Russell et al. [10] , the use of ATG significantly reduced the incidence of chronic GVHD at 2 years. Moreover, Baron et al. [11] reported that patients receiving ATG showed lower 3-year cumulative incidence of both overall chronic GVHD and extensive chronic GVHD than control patients. These two studies are not in agreement with our result. But it is a drawback for these two studies to use various conditioning regimens. It is unknown whether and to what extent the difference between various conditioning regimens had an influence on the incidence of chronic GVHD. Finke et al. [3] reported that the use of ATG reduced the 2-year cumulative incidence of chronic GVHD in matched unrelated-donor HSCT. Interestingly, limited and extensive chronic GVHD were analyzed separately in the study by Finke et al. [3] . The results showed a significant reduction of extensive chronic GVHD rate in the ATG group. Extensive chronic GVHD is an important complication of HSCT because it negatively affects quality of life. Unfortunately, we did not assess the effect of ATG on extensive chronic GVHD, because data about severity of chronic GVHD was not available. Devillier et al. [22] demonstrated the possibility for ATG to reduce the incidences of overall and extensive chronic GVHD in HLA-mismatched unrelated-donor HSCT using a Bu/Flu conditioning regimen. In the final analysis, we conclude that the prophylactic effect of ATG on chronic GVHD is not guaranteed in the setting of matched related-donor HSCT with Bu/Flu conditioning.
The overall survivals at 1 and 3 years after transplant were not significantly different between the two groups. These outcomes concurred with the results of Champlin et al. [9] , which showed no significant differences in 1-and 5-year overall probabilities of survival between an ATG group and a non-ATG group. According to Bacigalupo et al. [15] , using high-dose ATG was related to decreased incidences of grade III to IV acute GVHD and chronic GVHD. However, overall survival was not improved by high-dose ATG. In this study, the most frequent cause of mortality was acute GVHD in the non-www.kjim.org ATG group, and infection in the high-dose ATG group. From these results, they thought that the reduced incidence of fatal acute GVHD could not lead to improved overall survival because of a concomitant increase in the rate of lethal infection. On the other hand, low-dose ATG did not have any effect on the incidence of GVHD or lethal infection.
Disease-free survival of the ATG group was slightly lower than that of the non-ATG group. Correspondingly, relapse rate was higher in the ATG group than in the non-ATG group. Difference in relapse rate between the two groups was largest at 1 year (ATG 37.5% vs. non-ATG 17.8%, p = 0.206). However, these differences were not statistically significant. It is thought that these results might be explained by the low dose of ATG used (4 to 6 mg/kg) in our study. Devillier et al. [23] reported that high ATG dose (≥ 6 mg/kg) resulted in significantly shorter both leukemia-free and overall survival than low ATG dose (< 6 mg/kg). These differences were brought about by a significant increase in relapse rate in the high-ATG cohort. Bacigalupo et al. [15] reported that no difference in relapse rate was found between the ATG and non-ATG groups in a low-dose ATG (7.5 mg/kg) trial. On the other hand, relapse rate of the ATG group was higher than that of the non-ATG group in a high-dose ATG (15 mg/kg) trial (ATG 36% vs. non-ATG 18%). However, this difference did not reach statistical significance (p = 0.2). Until recently, there was no randomized controlled trial reporting a significant association between ATG use and relapse rate. Finke et al. [3] reported that there was no significant difference in 2-year cumulative relapse incidences between ATG and non-ATG cohorts. According to Lee et al. [24] , the incidence of chronic GVHD was negatively correlated with relapse rate. But there was no association between the severity of chronic GVHD and relapse rate. Further studies are needed to determine the optimal dose of ATG that would reduce acute and chronic GVHD without increasing relapse.
Univariate Cox proportional hazard regression analysis for evaluating the relationship between clinical variables and post-transplant survivals (overall and disease-free survival) revealed that disease status at HSCT, risk stratification by HCT-CI, and prophylaxis method for acute GVHD all had a statistically significant association with post-transplant survival rate. In multivariate Cox proportional hazard regression analysis, however, only disease status at HSCT and prophylaxis method for acute GVHD maintained significant relationships with post-transplant survivals. It is interesting that prophylaxis method for acute GVHD influenced post-transplant survivals. Nash et al. [25] reported that there is no significant difference in overall and disease-free survival between patients administered FK506/MTX and those given cyclosporine/MTX. However, the probability of grade II to IV acute GVHD in the FK506 group was significantly lower than in the CSP group (56% vs. 74%, p = 0.0002). These results highlight the importance of future studies on immunosuppressants for prophylaxis of GVHD, especially in the assessment of comparative beneficial effects.
In our analysis, relapse was the most frequent cause of death in both the ATG group and the non-ATG group. The number of deaths due to infection was one in the ATG group (6.3%), and four in the non-ATG group (8.9%). There was no statistically significant difference in mortality due to infection between the two groups. Finke et al. [3] reported that the inclusion of ATG did not decrease non-relapse mortality at day 100 in the context of matched unrelated-donor HSCT. This study showed that the ATG group (19.6%) had lower 2-year cumulative non-relapse mortality than the non-ATG group (28.9%), although the difference was not statistically significant. In addition, 2-year overall survival was slightly higher in the ATG group (59.2%) than in the non-ATG group (51.9%), but also did not reach statistical significance. In this study, ATG use was related to increased CMV and HSV infection, but not associated with increased death due to infection. Also, the death rate from GVHD was lower in the ATG group than in the non-ATG group. However, there was no apparent reason why decreased death rate from GVHD did not significantly improve overall survival in the ATG group.
The strength of our study is that a majority of independent variables were very well controlled. Many previous studies did not control for variables including conditioning regimen, methods of collecting stem cells (peripheral or bone marrow), HLA-match status (matched or mismatched), and donor-recipient relationship (related or unrelated). Furthermore, some studies did not statistically correct for diverse variables, including those mentioned above. And although variables other than ATG were statistically corrected in other
